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In the case of LHD, high fJ plasmas with (fJ) ~ 
3% have been established in the inward-shifted 
configurations with the vacuum magnetic axis 
Rax of 3.6m, where pressure-driven modes are 
theoretically more unstable compared with exper-
imental results, judging from the Mercier crite-
rion. In order to resolve this discrepancy, there 
are' two key issues, i.e., to reconstruct more pre-
cise MHD equilibrium and to investigate more 
precise properties of the pressure-driven modes. 
Here, the second point will be addressed. For 
such purposes, the linear ideal MHD stability 
analyses are performed for such compressible per-
turbations that the exact growth rates and eigen-
functions are determined, under the fixed or free 
boundary condition by using cas3d3 [1]. 
MHD equilibria with a broad pressure profile 
are created under both fixed boundary and cur-
rentless conditions, where the rational surface 
with t = 0.5 always exists inside of the plasma, 
the rotational transform at the plasma bound-
ary is around 1.36, and all equilibria are Mercier-
unstable except for plasma periphery. Since the 
MHD equilibria are almost Mercier unstable, the 
toroidal mode coupling inherent to helical sys-
tems is so weak that the toroidal mode number n 
can be used as a good quantum number. 
It is understood from the ideal MHD stability 
analyses for compressible perturbations that 1) 
the kinetic energy W K of the unstable modes 
mainly comes from the component of the dis-
placement vector parallel to the equilibrium mag-
netic field ~II, namely Wk(~II) ;:, WK(GJ This is 
due to the fact that the incompressibility condi-
tion violate around the mode rational surfaces, 
where a large parallel displacement ~II is cre-
ated. This tendency becomes stronger for in-
terchange modes with an almost uniform ampli-
tude of the perturbed pressure along the equi-
librium magnetic field line, compared with bal-
looning modes where the amplitude of the per-
turbed pressure is non-uniform along the equi-
librium magnetic field line. Note that, in usual 
incompressible treatments, ~II component is elim-
inated in both linear and nonlinear calculations. 
2) the unstable region moves from plasma core 
to plasma periphery as fJ increases, which cor-
relates with the magnetic well formation by the 
Shafranov shift, 3) the lower the toroidal mode 
number n is, the wider the radial width is, and 
also this tendency becomes clear in 10w-fJ plas-
mas, 4) the free boundary motions become im-
portant for low-n modes, which have a global 
structure under the fixed boundary condition, 
and/or for high-fJ plasmas, 5) the unstable ra-
dial region does not depend on the toroidal mode 
number n so much, leading to the simultaneous 
excitation of many linearly independent modes 
around same radial location, 6) For 10w-iJ.. case 
((fJ) = 1 %), all unstable modes are interchange 
modes with only single dominant Fourier mode. 
Except for (m, n) = (2, 1), all modes are localized 
modes. As fJ increases, such interchange modes 
with single dominant Fourier mode change into 
localized interchange modes consisting of multi-
ple Fourier components except for (m, n) = (2,1) 
and (m, n) = (4,2) for, say, (fJ) = 2%. And fi-
nally, almost all modes except for low-n modes 
change into ballooning modes, 7) there is a case 
that low-n global interchange modes under the 
fixed boundary condition change into ballooning 
modes under the free boundary condition a.~ fJ in-
creases, 8) up to around 3%, the growth rates for 
a specified toroidal mode number do not change 
so much even if fJ-value changes, and for typical 
high-fJ LHD operation parameters, the order of 
the growth rates is around 40l-'sec (')'TAO = 0.1 
corresponds to around 40llsec), and 9) for high-fJ 
equilibria, free boundary analyses are inevitable, 
because the Fourier modes near the plasma pe-
riphery are excited, leading to a more global pro-
file, when the free boundary motion of the pertur-
bation is allowed on the plasma-vacuum bound-
ary. 
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